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Reference 1 

JP Patent Application Disclosure No. 4-176330; 24 June 1992 
Title: Process for producing a charged separation membrane 
JP Patent Application No. 2-304865; 9 November 1990 
Applicant: Kurary Co., Ltd. (Kurashiki, Okayama, Japan) 

[page 2, upper right column, line 4 to page 3, upper right column, line 15] 
The present invention is characterised by using a solution containing charged 
group-having hydrophilic polymers as coagulation solution, and making the 
hydrophilic polymers remain on the membrane surface and inside the membrane 
by diffusion of the hydrophilic polymers in the coagulation leading to a charging 
effect. Thus, it is possible to apply anything using dry-wet method or wet method 
to either of ultrafiltration membrane, microfiltration membrane, dialysis membrane. 
Moreover, the shape is not particularly limited, e.g. can be a flat sheet, hollow 
fibres, tube, etc. 

In the present production process, there are almost no limitations regarding the 
stock solution and the hydrophilic polymers. Known membrane-forming stock 
solutions can be used. E.g. hydrophobic polymers, like polysulfone, polyether- 
sulfone, polyamide, polyimide, polyacrylonitrile, polyvinylidene fluoride, 
polyvinyl chloride, methyl polymethacrylate; and hydrophilic polymers, like 
cellulose-based, polyvinyl alcohol-based, ethylene/vinylalcohol copolymers can be 
used. 
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And the charged group-having hydrophilic polymers to be incorporated into a 
coagulation solution are not limited by materials for membranes and a membrane- 
forming solution; for instance, modified polymers or copolymers containing 
normally 0.1 to 50 mol% of charged group, such as vinylalcohol-based, vinyl 
acetate-based, vinylpyrrolidone-based, acrylamide-based, cellulose-based, 
polyacrylic acid, are used. As charged groups, there are e.g. carboxyl group, 
sulfonate group, quaternary amino group. For the dry-wet method or wet method 
hitherto applying mostly a coagulation solution mainly composed of water, water- 
soluble polymers are favoured. Those hydrophilic polymers can be chosen, when 
taking the use, and the properties of treatment solutions into account, commercially 
available materials can be conveniently used. Among others, anionic and cationic 
modified polymers of polyvinyl alcohol-based which are commercially available 
and are easily insolubilised with acetalisation can be favourably used. 

For instance, a system wherein charged group-having hydrophilic polymers are 
incorporated into single or a mixture of at least two non-solvent or poor solvent 
against membrane materials, such as water, alcohols, glycols, or a mixture of those 
with solvents is used; those nonsolvents or poor solvents must be capable of 
solving to-be-incorporated hydrophilic polymers. And for the hydrophilic polymers 
need to be dispersed on the membrane surface and inside the membrane in the 
coagulation and to be taken up by the membrane; hydrophilic polymers of lower 
molecular weight which are apt to be uniformly dispersed are favourable; the 
higher molecular weight is advantageous because of a small incorporation amount. 
Accordingly the molecular weight of the hydrophilic polymers will be chosen 
depending on sorts of membranes, for instance the hydrophilic polymers of a small 
molecular weight are used for the relatively dense membranes, such as 
ultrafiltration membrane and dialysis membrane, whereas those of high molecular 
weight are used for relatively porous membranes, such as microfiltration 
membrane. And a mixture of them with different molecular weights may be used. 



5 



The incorporation amount of charged group-having hydrophilic polymers into a 
coagulation solution differs depending on sorts and molecular weights thereof, and 
sorts of membranes; normally 0.1 to 20 weight-% is preferred, while less than 
0.1 % does not provide sufficient charge, an amount exceeding 20 weight-% is not 
economical since it takes a long time to wash off an excess of hydrophilic 
polymers. 

In the hollow fibre membrane, if charged group-having hydrophilic polymers are 
added to an inner coagulation solution extruded from the centre of a double annular 
nozzle, it is easy to control a concentration of the hydrophilic polymers, which 
decreases the excess of hydrophilic polymer amount and is economically preferred. 
By adding the charged group-having hydrophilic polymers either exclusively to an 
inner coagulation solution or exclusively to an outer coagulation solution, it is also 
possible to significantly increase the hydrophilic polymer's residual rate on one 
side, such as a surface adjacent to the treatment solution, to increase the charge 
property. 

Next, the membrane obtained by having impregnated with a coagulation solution is 
subjected to washing with water or hot water treatment to extract solvent, additives, 
wherein if water-soluble polymers are used as charged group-bearing hydrophilic 
polymers, they are simultaneously extracted; nevertheless, the extracted 
hydrophilic polymers are in excess and are never completely extracted. It is 
conceived that which is because the hydrophilic polymers in the form of being 
taken up by the membrane material remain during the coagulation, wherein an 
amount sufficient to perform an effect of hydrophilic polymers remains. However, 
if the water soluble polymer is as it is, there is the possibility it would melt during 
the use, and that problems would arise depending uses in foods and medicine; so 
that on such occasion it is preferable to insolubilise the hydrophilic polymers by 
physical or chemical means. 
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The produced membrane does - due to being charged - not only possess good 
antifouling properties but also has advantageous characteristics, such as ion- 
exchange property and ion-selective permeability. If the membrane material is a 
hydrophobic polymer it simultaneously possesses hydrophilicity; even in a dry 
state, the water-permeability never decreases. Thus it can be applied as a 
completely dry membrane, for modulization and the performance, such as storage 
and transportation, significantly improves, which can lead to a reduction of 
production costs. 

[page 7, lower right column, line 6 to page 8, upper left column, line 4] 
Example 2 

The membrane-forming stock solution used in Example 1 which was kept to 30 °C 
and an inner coagulation solution which was a mixture solution of 30 °C made of 
anionic modified polyvinyl alcohol (KL-506, manufactured by Kuraray) 3 weight- 
%, dimethylformamide 80 weight-%, water 17 weight-% were simultaneously 
discharged from a double annular nozzle of outer diameter 1.6 mm and inner 
diameter 0.8 mm; after passing through the humidified air of 10 cm, [the solution] 
was impregnated with an outer coagulation solution which is water of 50 °C to 
provide a hollow fibre membrane of outer diameter 1 .3 mm and inner diameter 0.8 
mm. This membrane was washed with water to remove polyethylene glycol and an 
excess of polyvinyl alcohol, then crosslinking with polyvinyl alcohol and a hot 
water treatment were carried out in the same manner as Example 1, and drying 
effected at 60 °C for 8 hours. The water-permeability of this membrane was 30 

3 2 

m /m -hr-atm, and the carboxyl group amount was 0.1 equivalents. The respective 
water-permeability of this membrane after immersion into an aqueous solution of 
ethanol 75 weight-%, and re-drying was unchanged and constant hydrophilicity 
was observed. 
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Partial translation of Reference 1: 

JP Pat. Application Disclosure No. 04-176330 - 24 JUN 1992 
Application No. 02-304865 - 9 NOV 1990 
Applicant: K.K. Kuraray, Okayama, JP 

Title: Method for the production of charged separation 
membrane 

[Claim] (single claim). 

1. A method for the production of a charged separation 
membrane, characterized by using as a coagulation liquid 
a solution containing 0 . 1 to 20 % by weight of hydrophilic 
polymer having charged groups in producing a membrane by 
extruding a solution comprising a synthetic polymer and 
a solvent, nonsolvent or swelling agent from a nozzle to 
a coagulation bath. 

[Excerpt from the specification] 

[Industrial application of the invention] 

The present invention concerns a method for the production 
of a charged separation membrane with reduced adsorption 
of proteins, etc. and superior stain resistance and 
selective permeability. 



The feature of the present invention lies in using as the 



1 



coagulation liquid a solution containing a hydrophilic 
polymer having charged groups, and a charge effect can 
be obtained by causing the hydrophilic polymer to remain 
on the membrane surface and in the membrane by the 
diffusion of the hydrophilic polymer at the time of 
coagulation. The present invention is therefore 
applicable to the production of ultrafiltration 
membrane, microf iltration membrane, dialysis membrane 
and the like carried out by wet and dry process or wet 
process. There is no limitation to the shape of the 
membrane, and the present invention is applicable to the 
production of membranes in various forms such as a sheet 
membrane, hollow fiber membrane, tubular membrane, etc. 



The hydrophilic polymer having charged groups to be added 
to the coagulation liquid is not restricted by the 
material or the stock solution of the membrane and 
modified polymer or copolymer based on vinyl alcohol, 
vinyl acetate, vinyl pyrrolidone, acrylamide, cellulose, 
polyacrylic acid, etc. normally containing 0.1 to 50 mol 
% of charged groups can be used as such hydrophilic 
polymer, for example. Examples of the charged group are 
carboxyl group, sulfonic acid group, quaternary amino 
group, etc. Water-soluble polymers are preferably used, 
since it is conventional to use coagulation liquids mainly 
comprising water in a wet and dry process or wet process. 

2 



Suitable hydrophilic polymer can be selected in 
consideration of the use and properties of the treatment 
liquid, and a commercially available product can be 
conveniently used. Anionic and cationic modified 
polymers based on polyvinyl alcohol are commercially 
available and can be preferably used, since it can be 
easily insolubilized by acetalization, etc. 
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Abstract of JP 4176330 (A) 

PURPOSETo efficiently produce a charge-type separation membrane in a simple production process 
by extruding a soln. comprising a synthetic polymer and a solvent, nonsolvent : or swelling agent through 
a nozzle into a coagulation bath of a specified compsn. to form a membrane. CONSTITUTION.The , 
charge type separation membrane is produced by extruding a soln. comprising a synthetic polymer and 
a solvent nonsolvent or swelling agent through a nozzle into a coagulating soln. This coagulating liquid 
contains 0.1-20wt.% hydrophilic polymer having charged groups. The material for the membrane is 
polysulfone, polyethersulfone, polyamide, polyimide, polyacrylonitrile, polyvinylidene fluoride, po yvinyl 
chloride, etc.; The hydrophilic polymer having charged groups to be added to the coagulating soln. is, 
for example, modified polymers or copolymers containing charged groups such as polyvinyl alcohol, 
polyvinyl acetate, polyvinylpyrrolidone, polyacrylamide, cellulose, polyacrylic acid, etc. The charged 
group is, for example, carboxylic groups, sulfo group, quaternary amino group, etc. 
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